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Abstract

Conjoined twins (CT) are a very rare developmental accident of uncertain etiology. Prevalence has
been previously estimated to be 1 in 50,000 to 1 in 100,000 births. The process by which
monozygotic twins do not fully separate but form CT is not well understood. The purpose of the
present study was to analyze diverse epidemiological aspects of CT, including the different
variables listed in the Introduction Section of this issue of the Journal. The study was made
possible using the International Clearinghouse for Birth Defects Surveillance and Research
(ICBDSR) structure. This multicenter worldwide research includes the largest sample of CT ever
studied. A total of 383 carefully reviewed sets of CT obtained from 26,138,837 births reported by
21 Clearinghouse Surveillance Programs (SP) were included in the analysis. Total prevalence was
1.47 per 100,000 births (95% CI: 1.32-1.62). Salient findings including an evident variation in
prevalence among SPs: a marked variation in the type of pregnancy outcome, a similarity in the
proportion of CT types among programs: a significant female predominance in CT: particularly of
the thoracopagus type and a significant male predominance in parapagus and parasitic types:
significant differences in prevalence by ethnicity and an apparent increasing prevalence trend in
South American countries. No genetic, environmental or demographic significant associated
factors were identified. Further work in epidemiology and molecular research is necessary to
understand the etiology and pathogenesis involved in the development of this fascinating
phenomenon of nature.
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INTRODUCTION

Conjoined twins (CT) are a rare embryologic developmental accident of uncertain etiology.
Prevalence, although variable, has been estimated to be 1 in 50,000 to 1 in 100,000 births
[Hanson, 1975; Kéllén and Rybo, 1978; Edmonds and Layde, 1982; Viljoen et al., 1983;
Castilla et al., 1988; ICBDMS, 1991; Rees et al., 1993; Martinez-Frias et al., 2009]. CT is
not restricted to humans; it has been reported in fish, reptiles, birds, primates, and other
mammals [Levin et al., 1996; Canfield et al., 2000]. The first aspect to consider is as stated
by Weber and Sebire [2010] that “CT is itself a malformation and is associated with
secondary changes related to abnormal conjoined organs and superimposed effects of
abnormal hemodynamics.” Proposed mechanisms of the defect cannot explain the alterations
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in the normal developmental process, by which a pair of monozygotic (MZ) twins do not
fully separate from each other and continue their normal embryologic development.

Historical Background

Ancient citations of CT exist from quotations in different cultures such as in early pre-
Colombian ceramics of the Moche Peruvian civilization [Berrin and Larco, 1997], to more
formally scientific documented cases. Probably one of the first cases documented was a pair
of rachipagus CT born in the Isle-Brewers, England, joined at the back from the middle
chest to near the lumbar region [Bondeson, 1993]. Another very interesting pair of CT and
one of the earliest and well-documented cases were the girls known as Mary and Eliza
Chulkhurst who were joined at the hip (pygopagus). They were born in year 1100 in the
town of Biddenden, County of Kent, England, and died in 1134 [Ballantyne, 1895].
Although controversy existed regarding the true existence of these CT, because of their
generosity to the local church, every Easter Sunday small cakes with the twins’ images were
distributed to the poor in their honor for centuries [Bondeson, 1992]. Other cases of
pygopagus CT described were the Hungarian Helena and Judith sisters (1701-1723) and the
Rosa and Josepha Blazek twins (1879-1922) that were born in Skreychov, Bohemia, now
the Czech Republic [Guttmacher, 1967]. Rosa supposedly gave birth to a male child in 1910.
To our knowledge this is the only example of a female CTwho had a healthy child. One of
the most famous sets of CT was Eng and Chang Bunker, who were born in the Kingdom of
Siam (now Thailand) in 1811 and died in 1874 in North Carolina, USA. The term “Siamese
twins” was coined as a reference to them. They became famous while working in an
international circus. They were considered xiphopagus (thoraco-pagus) as they were joined
at the lower thorax by soft tissue and shared a common liver. They married sisters, fathered
21 children, and were one of the longest living CT at 63 years [Bondeson, 1992]. One of the
first cases of CT reported in the Spanish medical literature was an asymmetric type born in
the city of Durango, México in 1868 [Rodriguez, 1870].

A fascinating book published at the end of the 19th century, Anomalies and Curiosities of
Medicine, contained an encyclopedic collection of rare and extraordinary cases. In chapter V
under the title of Major Terata, a large number of rare birth defects are quoted as
monstrosities, including a collection of CT. In the same chapter, the authors made reference
to Ambroise Paré (1510-1590), a famous barber-surgeon who described the several types of
CTas they are currently classified [Gould and Pyle, 1896].

The Uncertain Embryology of Conjoined Twins

MZ twins originate from the division and separation of a single early embryo. Depending on
the completeness of the inner cell mass division of the blastocyst in the early stages of
human development, MZ twins can be dichor-ionic diamniotic (30-40%), monochor-ionic
diamniotic (60-70%), and very much less common, monochorionic monoamniotic MZ
twins. It is assumed that the last type evolve from the partition of the embryonic axis into
two parallel ones, giving origin to the monoammiotic monochorionic type of MZ twins
[Kaufman, 2004; Sadler, 2010]. This type of placentation is characteristic of CT. Currently,
it is accepted that CToriginate from a failure in the development of primitive structures at
later stages of development, that is, Carnegie stage 6 (days 12-15), or the primitive streak
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stage of human development [Levin et al., 1996; Kaufman, 2004; Sadler, 2010]. However,
the exact mechanisms of CT remain obscure.

Two opposing theories have been suggested to explain the sequence of events of CT. Those
supporting a “fusion” process, postulate that with the exception of the parapagus type, all
other types of CT can be explained by the fusion of two separated embryos (Box I1)
[Spencer, 1992, 2000a,b; Logrofio et al., 1997; Machin, 1998]. However, cases described by
Logrofio et al. [1997] and Machin [1998] were exceptional ones. According to Machin and
Sperber [1991], the origin of para-pagus could be explained by the bifurcation of a single
notochord. Spencer [2000a] also stated that “No theoretical fission of the vertebrate embryo
at any stage of development, in any plane, in any direction can explain the selection of the
observed sites of fusion, the details of the union, or the limitation to the specific areas in
which the twins are found to be joined.”

BOX 2
Classification of Conjoined Twins

Types Definitions

Cephalopagus There are two faces and are joined from the top of the head to the umbilicus

Thoracopagus Are joined face-to-face from the upper thorax to the upper part of the abdomen and
always involve the heart

Omphalopagus The fusion includes the umbilicus region frequently at the lower thorax, but never the
heart

Ischiopagus The union usually includes the lower abdomen and duplicated fused pelvic bones,
and external genitalia and anus are always involved

Parapagus Are laterally joined, regularly share the pelvis. Varieties of parapagus conjoined
twins are parapagus dithoracic (separated thoraces), parapagus dicephalus (one trunk
two separate heads), and parapagus diprosopus (one trunk, one head, and two faces)

Craniopagus Joined by the skull, share meninges but rarely the brain surface and do not include
the face and trunk

Pygopagus Avre dorsally fused sharing the perineal and sacrococcygeal areas, has only one anus
but two rectums

Rachipagus Dorsally fused, the defect may involve the dorsolumbar vertebral column and rarely
the cervical vertebrae and the occipital bone

Other symmetrical Includes CT that some authors classify differently and also a variety of rare types of
symmetrical CT

Asymmetric Parasitic CT and fetus in fetus

In contrast, supporters of the fission theory mention that CTare the result of an incomplete
split of the embryonic axis [Simpson, 1869; Aird, 1959; Machin and Sperber, 1987;
ICBDMS, 1991; Kaufman, 2004; Spitz, 2005; Weber and Sebire, 2010]. Kaufman [2004]
states that with the exception of parasitic twins, all CT are symmetrical and “the same parts
are always united to the same parts.” The same author mentioned that “if fusion, rather than
fission, accounted for all cases of conjoined twins, the incidence of mirror-imaging should
be the same in all monoamniotic twins, whether they are conjoined or not” and “if the
incidence of mirror-image is higher in conjoined twins than in separate twins, the fusion
hypothesis cannot be correct.”
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GENETICS AND OTHER RISK FACTORS ASSOCIATED TO CONJOINED
TWINS

There is no record in the literature of familial aggregation of CT, nor for preferential
associations with other unrelated anomalies. As for the former, an example is the large
multigenerational kindred, descendants from the famous Eng and Chang Bunker CT. Among
1,500 descendants of both of them, several pairs of twins including MZ twins were born, but
no other CTwere recorded [Newman, 2006]. In the Online Mendelian Inheritance in Man
(OMIM 164750) only one instance of CT concordant for omphalocele is reported, which
constitutes a related defect to the omphalopagus type of CT [Bugge, 2010].

A report by Rosa et al. [1987] mentioned the exposure during pregnancy to griseofulvin, an
antifungal medication, was noted in two sets of CT in humans, but this was not further
confirmed by Knudsen [1987] and Métneki and Czeizel [1987]. Griseofulvin crosses the
placental barrier and is recognized as a human teratogen. In a population-based study on
22,843 pregnancy outcomes with birth defects and 38,151 controls, the authors reported that
a 0.03% and 0.06% of cases and controls mothers were treated during pregnancy with this
drug. CT was observed in 55 pregnancies; however none of the mothers of the CT were
exposed to griseofulvin [Czeizel et al., 2004]. Some proteins such as activin, nodal, and
Sonic hedgehog have been associated with laterality defects in chicken CT, but not in
humans [Levin et al., 1996]. Recently, it has been reported [Wertelecki, 2010] that chronic
low-dose radiation exposure could favor the occurrence of twinning and the prevalence of
CT. The analysis of approximately 100,000 births born between 2000 and 2006 in the area
of Rivne, close to Chernobyl, Ukraine, showed an apparent cluster of CT (5 in 96,438
births). However, numbers were too small to reach conclusions.

EPIDEMIOLOGY OF CONJOINED TWINS

As mentioned above, worldwide prevalence of CT, although variable, has been estimated to
be 1 in 50,000 pregnancies, but approximately 1 in 200,000 live-births (LB) [Spitz, 2005].
However, some studies reported prevalences as high as 1 in 2,800 LB in India [Mudaliar,
1930], to as low as 1 in 200,000 LBs in the USA [Bender, 1967].

Prevalence of conjoined twins observed in diverse populations studied: 1930-2010

Prevalence of symmetrical CT can be assessed in four categories: (i) higher than 1:20,000
births; (ii) between 1:20,000 and 1:50,000 births; (iii) between 1:50,000 and 1:100,000
births; and (iiii) between 1:100,000 and 1:200,000 births (Box I). The marked differences
reported could be attributed to the population size monitored, and inclusion or not of
stillbirths (SB), spontaneous abortions, and elective termination of pregnancy for fetal
anomaly (ETOPFA). Significant under-registration of non-liveborn prenatal or perinatal
cases in any of the four categories may explain, in part, the differences observed among
populations studied [Hanson, 1975; Kallén and Rybo, 1978; Liang et al., 1999; Tang et al.,
2007] (Box ).
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BOX |
Prevalence of Conjoined Twins Observed in Diverse Populations Studied:
1930-2010
Prevalence Population studied
Higher than 1:20,000 births 1:2,800 India [Mudaliar, 1930]

1:4,242 Uganda [Bland and Hammar, 1962]
1:6,500 Taiwan [Emanuel et al., 1972]
1:14,000 Rhodesia-Africa [Zake, 1984]

Between 1:20,000 and 1:50,000 births 1:20,000 Sweden [Ryden, 1934]
1:20,100 CDC-USA (CDC-Atlanta, 1973)
1:22,284 Brazil [Berezowski et al., 2010]
1:25,000 Maltese Islands [Savona-Ventura et al., 2009]
1:30,600 China [Liang et al., 1999]
1:35,100 China [Tang et al., 2007]

Between 1:50,000 and 1:100,000 births 1:50,000 USA-Los Angeles [Robertson, 1953]
1:50,000 USA-Chicago [Potter, 1961]
1:55,865 24 countries WHO project [Stevenson et al., 1966]
1:68,500 Hungary [Métneki and Czeizel, 1989]
1:74,626 South America-ECLAMC [Castilla et al., 1988]
1:75,000 Sweden [Kéllén and Rybo, 1978]
1:91,131 ICBDMS [ICBDMS, 1991]
1:97,560 USA-Atlanta [Edmonds and Layde, 1982]
Between 1:100,000 and 1:200,000 births 1:100,000 Japan [Imaizumi, 1988]
1:151,500 Spain [Martinez-Frias et al., 2009]
1:166,000 New York-USA [Milham, 1966]
1:200,000 USA [Bender, 1967]

Recent studies on the epidemiology of CT are relatively scarce, but the prevalence does not
seem to differ significantly (1.02-1.34 per 100,000 births) in Western populations [Kéllén
and Rybo, 1978; Edmonds and Layde, 1982; Castilla et al., 1988; Métneki and Czeizel,
1989; ICBDMS, 1991]. However, increased prevalences of 3.27:100,000 births [Liang et al.,
1999] and 2.85:100,000 births [Tang et al., 2007] have been reported in two studies in
Chinese populations from the same Surveillance Program (SP) at different times.

It is difficult to know the real prevalences of CT in SB because practically all
epidemiological studies that consider total prevalences includes LB, SB, and ETOPFA as
total births. Proportion of SB among CT vary from close to 40% to approximately 60%
[Edmonds and Layde, 1982; ICBDMS, 1991; Tang et al., 2007]. Variation among studies
depends on the methodological approach and the legal access to ETOPFA [Métneki and
Czeizel, 1989; ICBDMS, 1991; Pajkrt and Jauniaux, 2005]. Regarding the prevalence of CT
in spontaneous abortions, the only reference found was a study performed on 661
consecutive spontaneous abortions reporting 15 pairs of twins, among which 2 were
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conjoined. These data allow an estimate of the prevalence of CT of 3.03 per 1,000 (95% CI:
0.40-10.89) in spontaneous abortions [Uchida et al., 1983].

Although in one epidemiologic study [Castilla et al., 1988] predominance of females was
not observed, many other studies have shown a 1.5-2.5 predominance of female sex over
male sex [Edmonds and Layde, 1982; Imaizumi, 1988; Métneki and Czeizel, 1989;
ICBDMS, 1991; Tang et al., 2007; Martinez-Frias et al., 2009].

Asymmetric or parasitic CT is another fairly rare atypical presentation of MZ twins, where
one of them is significantly underdeveloped and considered parasitic from the other, often
unaffected. Parasitic twins occur when one embryo of a pair of MZ twins starts to develop,
but the pair does not fully separate, and one embryo’s development prevails over the other.
Rather than conjoined, it is considered parasitic because it is incompletely formed or wholly
dependent on the body functions of the complete fetus. Prevalence has been estimated to be
approximately 20 times less frequent than the prevalence of the symmetrical types
[Edmonds and Layde, 1982; ICBDMS, 1991]. Another type of twins considered by some
authors as parasitic is the fetusin fetus. However, this developmental anomaly is considered
by others as a different parasitic twin fetus growing within its host twin very early in a MZ
pregnancy, where one fetus grows around the other. The internal twin survival depends on
the survival of its host twin [Aquino et al., 1997; Arlikar et al., 2009; Sharma et al., 2010].

Survival of CT is precarious, most dying during the very early perinatal period or as the
result of surgical separation. Survival mainly depends on the type of CT, the sharing of
organs, and timely and appropriate surgical or non-surgical treatment. Options for therapy
include emergency or planned separation if appropriate [Bland and Hammar, 1962; Hoyle,
1990; Kingston et al., 2001; Spitz, 2003].

The purpose of the present study was to identify the main epidemiological characteristics
associated to this very rare defect. Variables considered in the analysis are described in
detail in introductory article of this issue [Castilla and Mastroiacovo, 2011].

MATERIALS AND METHODS

Population Studied

The sample of CT was obtained from 21 worldwide SPs who are all members of the
International Clearinghouse for Birth Defects Surveillance and Research (ICBDSR). Each
had agreed to participate in the analysis of the epidemiology of this very rare defect.
Programs were asked to provide re-identified case records following a common protocol,
with information on phenotype, genetic testing and selected demographic and prenatal
information. Data were submitted according to a designed Excel database to obtain more
uniform information from each participating SP. The time in years covered and information
sent by each SP was variable, although all covered a minimum of 5 years period of time of
epidemiological surveillance of birth defects. Some covered more than 30 years. Information
regarding the individual characteristics of each SP is described in introductory article of this
issue [Castilla and Mastroiacovo, 2011]. Submitted data were reviewed by two of the
authors (J.A.V. and L.L.M.) and the principal investigator (0.M.M.) to identify the cases,
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confirm the diagnosis, classify the CT, and decide upon the inclusion or exclusion in the
sample. From a total of 402 CT pairs reported, 15 were excluded because they were included
twice and 4 had a wrong diagnosis. This resulted in a total of 383 sets of CT born among a
total of 26,138,837 births. Statistical analysis included the chi-squared test and Fisher’s
exact test to compare proportions, the chi-squared test for trends for the analysis of time
trends, the Poisson test to estimate exact 95% confidence intervals (Cl) and the cumulative
Poisson P-values for comparisons of total prevalence between programs. More detailed
information is provided in the introductory article of this issue [Castilla and Mastroiacovo,
2011].

Classification of Conjoined Twins

According to the site of union, symmetrical CT are classified in different manners, including
diverse wide-ranging classifications [ICBDMS, 1991; Phelan and Hall, 2006] and simplified
commonly used ones [Edmonds and Layde, 1982; Métneki and Czeizel, 1989; Spencer,
1996, 2000a,b; Kingston et al., 2001; Kaufman, 2004]. We decided to adopt the
classification exhibited in Box Il. Eight well-defined types are listed for symmetrical CT,
one for very rare types of CT, and an extra category for asymmetrical types. Some
classifications includes more types resulting from the extension of the junction, although not
all authors accept combined types such as cephalo-thoracopagus or thoracoomphalopagus,
arguing that practically cephalopagus always includes part of the thorax and thoracopagus
includes part of the abdomen [Spencer, 1996, 2000a,b; Kingston et al., 2001; Kaufman,
2004]. The classification chosen for our analyses (Box I1) is the one that fits our data well
and permits comparisons with previously reported data.

Classification of Unrelated Congenital Anomalies

RESULTS

Only those major congenital anomalies not related to the site of union of the CT and those
cases in which the defects were clearly described were included in the analysis, independent
of the occurrence of the anomalies in one or both twins. Malformations were grouped by
developing system. If the same malformation occurred in each twin of a CT pair, it was
counted only once. Proportion of each type of congenital anomaly was estimated among the
total number of malformations.

Total Prevalence and Prevalence by Surveillance Program

Total prevalence of CT was 1.47 (95% CI: 1.32-1.62) per 100,000 births (Table I).
Prevalences show a marked variation among SPs, from as high as 3.22 (95% CI: 2.04-4.84)
per 100,000 births in the Finland SP to as low as less than 0.08 per 100,000 births in the
Italy-North East program. Besides Finland, three other SPs have prevalence over 2 per
100,000 births: South America-ECLAMC, México-RYVEMCE, and Germany Saxony-
Anhalt, in decreasing order. Nine other SPs, USA-Atlanta, Wales, Australia-Victoria, USA-
Utah France-Central East, China-Beijing, Northern Netherlands, Hungary, and Canada-
Alberta showed a prevalence of more than 1 but less than 2 per 100,000 births; and the
remaining eight programs, Spain-ECEMC, Italy-Emilia Romagna, Israel, USA-Texas, Italy-
Tuscany, Italy-Campania, Slovak Republic, and Italy-North East, reported a prevalence
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lower than 1 per 100,000 births. As shown in Table I, the prevalence reported by only 7 of
the 21 participating SPs differed significantly from the total prevalence; Finland, South
America-ECLAMC, and Mexico-RYVEMCE SPs had a statistically significant high
prevalence, and Italy-North East, Italy-Campania, Spain-ECEMC, and USA-Texas SPs had
a statistically significant low prevalence. Prevalence per 100,000 births and 95% CI for each
of the 21 participating SPs is presented in Figure 1 by decreasing prevalence.

Pregnancy Outcome of Conjoined Twins by Surveillance Program

Table Il shows the proportion of cases delivered as LB, SB, or ETOPFA. The largest
proportion corresponded to LB sets of CT (45.6%), contrary to the literature reporting a
higher proportion of SB among CT [Edmonds and Layde, 1982; ICBDMS, 1991]. The total
proportion of SB cases and ETOPFA was identical, at 27.2% each. However, when
considering only the 16 programs where termination for fetal anomaly is available the
proportion of ETOPFA is 50.7% (103/203). There are some SPs with a very high prevalence
of ETOPFA for CT such as France, Finland, and Germany Saxony-Anhalt. There are other
programs like Mexico-RYVEMCE and South American-ECLAMC in countries in which
ETOPFA is not permitted and do not offer termination of pregnancy for fetal anomaly.
However, in these SPs as well as in programs where termination is permitted (China-
Beijing, USA-Atlanta, and Spain-ECEMC), the prevalence of CT is also higher in live born
infants.

Proportion of the Different Types of Conjoined Twins by Surveillance Program

The proportion of the different types of CT by SP (Table I1) is presented according to the
classification scheme described in Box Il. Proportions of the total number of cases include
82 cases (21.4%) in which the type of CTwas not specified. The different types of CT are
displayed by decreasing prevalence. Thoracopagus CT, that also includes
thoracoomphalopagus CT, represent the largest number of cases reported (42.0%). The
second most common CT type was parapagus dicephalus (11.5%). The remaining most
common types were craniopagus and omphalopagus with 5.5% each. Other CT types such as
parapagus diprosopus, ischiopagus, rachipagus, and pygopagus were observed in less than
3% of the cases, with the last two being the rarest types (1.0%). Parasitic CT were observed
in 3.9% of all specified CT reported.

Interestingly, a similar pattern of proportions of cases was observed in all participating
programs, except for the omphalopagus type. For this type, 15 (71.4%) of the 21 cases were
reported by the South America-ECLAMC SP, the rest by the Hungarian, USA-Texas, and
USA-Utah registries.

Sex Ratio by Type of Conjoined Twins

Findings on the sex ratio were similar to previous studies, which reported a predominance of
female cases. However, in the present sample the number of female cases was more than
twice as frequent as that of males (218 females and 108 males; 20 CT cases were of
indeterminate sex and 37 of sex not specified). Prevalence at birth of CTwas 56.9% for
females and 28.2% for males (Table 1V). Using an estimate of the number of males and
females from the total of 26,138,837 births reported, a significant statistical difference was
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observed (P <0.01; OR =2.23; 95% ClI: 1.76-2.83). Although, omphalopagus CT was four
times more frequent in females than in males, the difference was not statistically significant.
Female predominance was significantly higher for the thoracopagus CT type (P <0.01; OR
=3.27; 95% ClI: 1.83-5.99). Para-pagus as a whole (P <0.01; OR =2.39; 95% CI: 1.21-4.71),
parapagus dice-phalus alone (P <0.05; OR =2.23; 95% ClI: 1.06-4.68), and parasitic (P
<0.01; OR =5.32; 95% ClI: 1.42-24.22) CT types showed a significantly higher prevalence
in males. No significant differences were observed for the rest of the CT types analyzed.
Indeterminate sex was found in a small proportion (5.2%) of cases (Table 1V).

Unrelated Congenital Anomalies Associated by Type of Conjoined Twin

Cases were carefully reviewed for unrelated associated anomalies (Table V), although in
some cases and types of CT it was difficult to determine with certainty whether other defects
present were unrelated malformations. Associated congenital anomalies were observed in
115 pairs of 182 CT sets in which the information was available (63.2%). However, the
malformation was adequately described in only 73 cases. In these 73 cases, 111
malformations were described, but detailed information of whether just one or both twins
had the malformations was not noted. The malformations more frequently reported were
those affecting the genitourinary tract (19.8%), the central nervous system (18.9%),
comprising neural tube defects (9.9%), hydrocephalus (3.6%), microphthalmia (0.9%), and
other central nervous system defects (4.5%), and the musculoskeletal system (12.6%).
Combining musculoskeletal anomalies with limb deficiency defects and polydactyly, the
proportion of limb anomalies increases to 20.7%. Other frequent malformations reported
were gastrointestinal atresias (9.9%) and facial clefts (9.9%).

Ethnicity and Conjoined Twins

Conjoined twins were also stratified by ethnicity in four categories: Anglo-Saxon/Caucasian,
Chinese, Latin American, and Latin European. Prevalence was higher in the Latin American
ethnic group. Statistical differences were observed when compared to the Anglo-Saxon/
Caucasian (P <0.01; OR =1.51, 95% CI: 1.20-1.91), Chinese (P =0.02: OR =1.65, 95% ClI:
1.06-2.49), and Latin European (P <0.01; OR =2.50, 95% ClI: 1.84-3.40) ethnic groups.
Other comparisons were not statistically significant.

Total Prevalence Time Trends

Time trends are presented in Figure 2, with the data analyzed in three different ways: (i) all
participating SPs of the ICBDSR,; (ii) South America-ECLAMC alone; and (iii) ICBDSR
SPs excluding South America-ECLAMC. As shown in Figure 2, a slight steadily increasing
but statistically non-significant trend in the prevalence of CT is present in the South
America-ECLAMC SP for years 1987-20086, that differ from the decreasing prevalence
trend observed in the ICBDSR excluding South America-ECLAMC.

Genetic, Demographic, and Environmental Risk Factors

Analyses were performed to evaluate for associations with genetic factors such as
consanguinity, familial aggregation, and cytogenetic studies; demographic characteristics
such as maternal age and maternal education; reproductive data, including gestational age,
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birth order, birth weight, spontaneous previous abortions; and environmental factors such as
maternal exposures and diseases during pregnancy. No associations were observed between
the mentioned genetic factors and CT. No familial cases were observed, consanguinity was
reported in 5 of 209 CT cases (2.38%; 95% Cl: 0.78-5.49) and all chromosome studies
performed (12.1%) were normal.

Maternal age analysis is shown in Figure 3. The small differences in prevalence between
maternal age groups were not statistically significant. Maternal education was known for
165 women. Those mothers of a LB and SB CT had an average of 9.3 years, and those
women having ETOPFA had an average of 11.8 years of education. Although it is difficult
to evaluate birth weight and gestational age in CT, an analysis was attempted in 159 LB
cases, in which the information was reported. The data were stratified by weight (<2,500 and
>2,500 g) and gestational age (<37 and =38 weeks). Low birth weight was observed in 63
CT pairs (39.0%). Weight was stratified by gestational age for 131 CT cases in which both
data values were available. Preterm CT pairs were observed in a very high proportion (100
cases; 76.3%). Of these preterm CT pairs, 49% weighed less than 2,500 g. However, among
CT pairs delivered at term, only 6.5% of them had a low birth weight.

Birth order showed an even distribution: 29.7% of CT cases born to primipara mothers, and
similar proportions (34.9% and 35.3%) for CT born to mothers with parity =2 and =3,
respectively. The number of CT born to primipara mothers was very low in the Mexico-
RYVEMCE SP (1 case among the 24 reported cases) and in the Latin America-ECLAMC
program (72 cases among the 108 reported cases). Expected and observed values differed
significantly (cumulative Poisson P-values were P =0.001 and P <0.0001, respectively).

Among 187 cases in which prior pregnancy outcomes for multipara mothers were reported,
previous spontaneous abortions were reported in 37 (19.79%; 95% Cl: 14.33-26.23%). Of
164 women that answered questions on supplement usage, no one had supplemented their
diet with folic acid and only 6 took multivitamins during pregnancy. Unspecified fertility
problems were reported by 6.8% of women, preconceptional existing diabetes was reported
twice, and epilepsy was reported only once. The medications taken by these women were
not analyzed due to the very high proportion (82.2%) of missing data and poor quality of
data reported.

DISCUSSION

This worldwide study includes the largest sample of CT ever studied before. A total of 383
carefully revised sets of CT obtained from 26,138,837 births reported by 21 Clearinghouse
participating SPs were included in the analysis. Total prevalence (1.47; 95% ClI: 1.32-1.62)
per 100,000 births is within the range of the more frequently reported prevalence in large
populations studied (Box I). Although, this is true for total prevalence, significant
heterogeneity is observed when the prevalence of each SP is considered (Table I, Fig. 1).

The main sources of variation in this study are most likely attributable to the population
types and sizes monitored, and inclusion or exclusion of SB and ETOPFA. The routine
follow-up of every pregnancy and the feasibility of an early prenatal ultrasound diagnosis in
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some cases may have introduced an underascertainment due to unreported ETOPFA. As
reported by Martinez-Frias et al. [2009] in Spain, termination for fetal anomaly has been
offered by the public health system for many years, but it does not have for a system for
including cases with ETOPFA in its registry program. As a result, current prevalence of CT
in this SP decreased considerably to 0.68 per 100,000 births. This probably accounts for the
differences observed within and between the four depicted categories when prevalence
results were described (Table I). The underreporting is also a dilemma when present results
are compared with previous reports [Hanson, 1975; Kéllén and Rybo, 1978; Edmonds and
Layde, 1982; Viljoen et al., 1983; Castilla et al., 1988; ICBDMS, 1991; Liang et al., 1999;
Tang et al., 2007] and other studies listed in Box Il.

Pregnancy outcomes, LB (45.6%), SB (27.2%), and ETOPFA (27.2%) are shown in Table
I1. The proportion of CT described in each of these categories depends in part on the health
services characteristics and registration systems in the communities served by the SP, as
well as the availability of legal ETOPFA. This perhaps could account for the low proportion
of SB reported in the present study in comparison with other surveys carried out when
ETOPFA was not available [Edmonds and Layde, 1982; Métneki and Czeizel, 1989;
ICBDMS, 1991]. The proportion of CT resulting in ETOPFA varies from zero in Mexico-
RYVEMCE and South America-ECLAMC where ETOPFA is not legal to as much as
81.1% in France Central East where elective termination of pregnancy is a common practice
(Table I1).

The observed prevalence of types of CT (Table I11) shows a predominance (42.0%) of the
thoracopagus type as reported in previous epidemiological studies with similar proportions:
49.3% [Edmonds and Layde, 1982], 43.5% [Castilla et al., 1988], 43.6% [Métneki and
Czeizel, 1989], and 39.1% [ICBDMS, 1991]. It is not clear whether the high proportion of
omphalopagus cases (71.4%) reported by the South America-ECLAMC program is a real
cluster or an anomaly. Perhaps one way to evaluate this would be to look at the hospitals of
origin of the 15 reported cases, mindful of the fact that the South America-ECLAMC SP
collects data from 10 different countries and from close to 100 hospitals. Except for an
uncommon high proportion of para-pagus dicephalus and diprosopus CT in the Mexican SP
(33.3%), other types of reported CT showed a similar distribution among the 21
participating Clearinghouse SPs (Table II1).

The predominance of female sex observed in the present study has been previously reported
[Edmonds and Layde, 1982; Imaizumi, 1988; Métneki and Czeizel, 1989; ICBDMS, 1991;
Tang et al., 2007; Martinez-Frias et al., 2009]. Considering the entire CT sample, prevalence
was more than twice (2.02) as frequent in females as in males. Changes in prevalence by sex
may depend on sample size and chance. In a previous study of the South American SP,
Castilla et al. [1988] reported a very similar number of male and female CT, but in the data
reported by the South American SP for the present study an overt female predominance of
2.09 was observed (69 females and 33 males, data not shown). Another interesting finding
was the contrasting and significant differences observed when prevalence by sex is analyzed
by type of CT. Thoracopagus type is almost four times more frequent in females than in
males (P <0.01; OR 3.13; 95% ClI: 1.76-5.63). However, parapagus and parasitic types were
significantly more frequent in males than in females, P =0.01 and P <0.01, respectively
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(Table 1V). No significant differences were observed for the rest of the CT types analyzed.
Detailed similar information of this type of data (Table V) was reported previously
[ICBDMS, 1991], although proportions reported were different from the ones reported
herein, and no comments were made regarding statistical analysis. No explanation is
proposed for the sex differences but future studies could look at these in the CT outcomes in
the SB and ETOPFA groups. More research is needed to explore the relation and severity of
types of CT with sex to identify a possible biased selection in utero of some CT types that
might explain the observed differences.

The proportion of associated malformations unrelated to the site of union of the twins has
been reported in other studies [Edmonds and Layde, 1982; Métneki and Czeizel, 1989;
ICBDMS, 1991], and was similar to the 63% observed in the present study. However, only
two studies [Métneki and Czeizel, 1989; ICBDMS, 1991] stratified the associated
malformations according to the CT type. Neural tube defects were observed in more than
15% of parapagus dicephalus and diprosopus types. Genitourinary anomalies were recorded
in more than 15% of thoracopagus, omphalopagus, ischiopagus, and pygo-pagus types, and
musculoskeletal defects in more than 15% of thoracopagus, parapagus dicephalus,
craniopagus, and ischiopagus types. Oral clefts and gastrointestinal atresias were evenly
distributed (Table V). The reported proportion of associated anomalies does not differ
significantly from those reported by Métneki and Czeizel [1989], and the ICBDMS [1991].
Although, some anomalies occurred more frequently with certain CT types, numbers are still
too small to suggest specific associations and could merely represent spurious associations.

Ethnicity analysis showed that the prevalence of CT is significantly higher in Latin
American SPs than in Anglo-Saxon/Caucasian, Chinese and Latin European programs
(Table I). A possible explanation of these findings could be the under-registration of CT
pregnancies undergoing ETOPFA in some SPs, but particularly in the Latin European SP.
This observation agrees with the proportion of prenatal diagnosis before 20 weeks of
gestation and the high proportion of ETOPFA in European SPs (Table 11). This could also
explain the significantly higher prevalence in Latin American SPs than in the one of China,
where ETOPFA was not described in the 28 CT cases reported, although elective
termination of pregnancy is permitted but not recorded.

Although several references to clusters of CT have been observed [Hanson, 1975; Kéllén
and Rybo, 1978; Mabogunje and Lawrie, 1980; Viljoen et al., 1983; Zake, 1984; Rees et al.,
1993; Savona-Ventura et al., 2009] a clear explanation has not been found. Different
explanations bias in the results have been considered, particularly with respect to population
types and sizes surveyed, and hospital records not contributing to the regional or national
SPs or a multicentric hospital-based surveillance system. Retrospective versus prospective
CT sample collection and the lack of a population reference of total births born during the
same period of time of diagnosis could also be sources of bias.

When prevalence data were analyzed in a time trend, the South America-ECLAMC SP,
exclusively for years 1987-2006, showed an increasing but statistically non-significant
prevalence trend for CT (y for trend: 2.83; P =0.09). Although not significant, it would be
important to monitor the increasing prevalence trend in this SP.
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Genetic and environmental risk factors such as consanguinity, familial aggregation,
cytogenetic studies, and maternal exposures, and acute and chronic diseases during
pregnancy did not reveal any association with the occurrence of CT, in general, or for any
particular type of CT. No familial cases were reported and all karyotypes performed were
normal. Regarding reproductive characteristic patterns, maternal age does not show any
significant trend or association with CT (Fig. 3). However, other related variables, such as
gestational age, birth weight, birth order, previous spontaneous abortions, and maternal
education showed certain peculiar relationships. A high proportion of preterm deliveries
(76.3%) occurred among CT cases; however, interestingly low birth weight varied by
gestational age (49.0% in pregnancies <37 weeks and 6.5% in pregnancies of >37 weeks).
The significant difference in birth order in the Mexico RYVEMCE and the Latin America
ECLAMC SPs is an unexpected finding compared with other SPs that reported information
on birth order in more than 20 CT pairs. Previous spontaneous abortions were reported in a
high proportion (19.8%) of CT mothers. These figures are higher than that usually reported
in most healthy populations studied.

Even though success in surgical separation of CT pairs has improved, surgical separation is
still a major challenge. The procedure requires a multi-disciplinary team, accurate imaging
to assess organ sharing, and a consideration of aspects related to survival and ethics in each
case. Experiences of dedicated groups in surgical separation, clinical supervision, and
support directives for parents and patients are available from the literature [Bland and
Hammar, 1962; Hoyle, 1990; Spitz, 1996; Kingston et al., 2001; Pearn, 2001; Spitz and
Kiely, 2002; Spitz, 2003, 2005; Arkinson, 2004; Pajkrt and Jauniaux, 2005; Votteler and
Lipsky, 2005; Arlikar et al., 2009; Sharma et al., 2010; Weber and Sebire, 2010].

Review of variable total prevalence, variable prevalence by occurrence type, predominance
in females, a higher prevalence in some ethnic groups such as Blacks [Edmonds and Layde,
1982] and Chinese [Liang et al., 1999; Tang et al., 2007], geographic variation, socio-
demographic variables, genetic and environmental factors, has not helped to advance the
understanding of the altered mechanisms that interrupt the normal separation of an inner cell
mass leading to the occurrence of a set of CT. Considering the fission theory as currently
accepted [ICBDMS, 1991; Kaufman, 2004; Spitz, 2005; Sadler, 2010; Weber and Sebire,
2010], a simple molecular disorder at a deep cellular level distorting cell adhesion or
apoptosis in a very early stage of embryogenesis could be involved in a etiology of CT that
involves incomplete split of the inner mass cell.

This is the largest international collaborative study of CT to date. Salient findings were a
notable variation in prevalence among SPs; a marked variation in the type of pregnancy
outcome; a significant female predominance in CT, particularly of the thoracopagus type,
and a significant male predominance in parapagus and parasitic types; significant differences
in prevalence by ethnicity; and apparent non-significant increasing prevalence trend in South
American countries. Further work in epidemiology and molecular research is needed to
elucidate the etiologic processes involved and associated risk factors for the development of
this fascinating phenomenon from nature.
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Total prevalence per 100,000 births (bar) and 95% confidence interval (line) by Surveillance
Programs of conjoined twins in 21 Surveillance Programs of the International Clearinghouse

for Birth Defects Surveillance and Research (ICBDSR).
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excluding South America-ECLAMC).
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